Abstract--Preliminary results of simulation studies performed to evaluate the background radiation levels in the LHCb experiment are presented in the paper. LHCb is one of the experiments that will operate at the LHC (Large Hadron Collider) under construction at CERN. The simulation toolkit Geant4 has been used to model the interactions of particles with the detector. Geant4 is a software toolkit developed and maintained by a world-wide collaboration of physicists and computer scientists. The principal monitored distributions in this study are the dose and fluence of certain particles in specific locations of the experiment. Energy spectra need also to be evaluated in order to take into account the energy distribution of these particles, since specific problems in the electronics can be raised by particles of certain energies. To this purpose, we need: -Tallying doses and fluences in Geant4.
I. INTRODUCTION
HE LHC, currently under construction at the European Organization for Nuclear Research in Geneva, will be the most powerful particle accelerator in the world. This collider is planned to start operation in 2007; two proton beams are accelerated at 7 TeV in an underground tunnel with a circumference of 27 km. LHCb is one of the five experiments located in one of the collision points of the accelerator. The experiment is dedicated to the precise measurement of CP violation and other rare phenomena in the b system. The single arm spectrometer covers a forward region ranging from 12
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mrad to 300 mrad in the x axis and to 250 mrad in the y axis. The layout of the detector can be seen in Fig.1 with the interaction point on the left. Estimating the background radiation level in an experiment is necessary to understand how the radiation field generated by the collision of the secondary particles affects the electronics. The possible damage can be essentially divided in two main areas: -gradual effects, taking place during the whole lifetime of the devices exposed to radiation; -local and acute effects, due to the energy deposited by a single particle and as such having a certain probability of occurrence that depends on the sensitivity of the devices. Among the gradual effects, total ionizing dose (TID) is produced by energy deposition of charged particles passing through the device. In the interface regions of semiconductors (insulator layers, contacts, etc.) this leads to accumulation of space charge that distorts the electric field and can produce micro-discharges leading to the degradation of the devices. Another example of gradual effect is the displacement damage of silicon lattice by Non Ionizing Energy Loss (NIEL) [1] . This quantity is equivalent to the displacement damage cross section D [1] . Hence the proportionality between the NIELvalue and the resulting damage effects is referred to as the NIEL-scaling hypothesis. D is normally quantified in MeV⋅mb, whereas the NIEL-value is given in keV⋅cm 2 /g. An example of local and acute effect is the high energy charged hadrons interaction with the detector device. They interact with the material of the electronics producing very high ionization. This strong local charge collection can upset the content of a memory cell and revert individual triggers or switches (Single Event Upset, SEU) or even cause the permanent damage of devices (Single Event Latch-Up, SEL). To evaluate the probability of such events the energy distribution and fluence of the various types of particle should be convoluted with the specific sensitivities of the devices. Background radiation studies have been already performed for the LHCb experiment, using FLUKA [2] , GCALOR and MARS [3] . The main aim of this work is to demonstrate first of all the feasibility of the same study with GEANT4. This software toolkit is used by GAUSS, the LHCb simulation application for the Monte Carlo simulation of the interaction of particles with the detector matter. 
II. MATERIALS AND METHODS
The main monitoring parameters in background radiation studies are the fluence and the dose delivered by the secondary particles, produced by the collision of two 7 TeV proton beams and by their interactions with the detectors. To this purpose an ad hoc module has been implemented inside GAUSS. The module, called Sensplane, creates detection planes in specific positions, as required by the user configuring the job with options [4] . The detector planes are defined as boxes, voxelized in several smaller volumes. Each voxel constitutes an active detector region for scoring purposes. The present implementation of Sensplane uses the standard Geant4 navigator [5] for tracking the particles. This implies that at the moment the detector planes must be put where there is no conflict with the LHCb geometry. However, for a more general solution, work is in progress in order to create a parallel geometry, which uses its own navigator to track the particle into it.
The fluence is calculated using the following formula:
where: -
is the track length density; -V is the voxel (scoring) volume. The code estimates this integral by summing T l /V for all the particle tracks in the voxel, time range and energy range. T l is the particle track length into the voxel. The dose is calculated summing the ratios between the energy, deposited in the voxel by all the particles of a certain type, and the voxel mass.
The code can be configured when running a job via options provided at startup. In particular, the user is asked to provide the following input parameters: -position and dimensions of the detector plane. These specifications are written in an xml file, which is then converted internally by Gauss in Geant4 syntax. Sensplane takes the geometry information directly from the xml file. -types of particle which need to be monitored. The user can choose to collect distributions for one or all of the following particles: -protons; -neutrons; -charged hadrons (pions, kaons, but not protons); -electrons and positrons; -gammas. As stated in the previous section, the displacement damage is the most important cause of damage in the bulk of the detector. In particular, the displacement damage is linked to the fluence of neutrons (especially at low energy) and high energy hadrons. Therefore, based on the user input, Sensplane provides the following: -2D maps of the dose and fluence of the user-defined particles, superimposed on the detector plane.
-energy spectra of the user-defined particles. Distributions are evaluated for each single particle type and, when necessary, they are combined in a post-processing phase (i.e. 2D TID distributions). In order to evaluate the local damage effects, Sensplane can provide the fluence delivered by the high energy (> 20 MeV) charged hadrons. The evaluation of the displacement damage needs also the calculation of the 1MeV-neutrons equivalent fluence for silicon in specific regions, where the scoring planes are located [6] . The study reported in this paper refers to the evaluation of such parameters using the Sensplane module in GAUSS in specific positions located into the LHCb geometry. Fig.1 shows the LHCb geometry and the positions of the chosen fake detector planes.
In particular the scoring planes are perpendicular to the beam axis and located at different distances from the vertex point: -the first plane at 2280 mm (on the left of Fig.1) ; -the second plane at 7830 mm, just after the dipole magnet; -the third plane at 11920 mm, just before the pre-shower station (PS); -the fourth plane at 13370 mm, between the electromagnetic (ECAL) and the hadronic (HCAL) calorimeters. Geant4 provides a wide variety of models to describe hadronic processes in different energy ranges. To facilitate the combination of several models more adapted to various fields of applications, physics list are provided. Four Geant4 hadronic physics lists have been investigated for the present study: -QGSP (Quark Gluon String Precompound) [7] ; -LHEP (Low High Energy Parametrized) [7] ; -QGSP_HP (High Precision), similar to QGSP with the additional treatment of the low energy (< 1 keV) neutrons [7] . It uses point-wise evaluated cross-section data to model neutron scattering cross-sections and interactions from thermal energies to ~20MeV. This applies to capture, elastic scattering, fission and inelastic scattering. -LHEP_HP, similar to LHEP with the additional treatment of the low energy (< 1 keV) neutrons [7] . The additional features are identical to the ones present in QGSP_HP.
III. RESULTS; We present here only the main results obtained using the Sensplane module on the planes represented in Fig.1 . The primary particles statistics corresponds to 5000 proton-proton collisions produced with Pythia 6.205. The 2D maps show dose and fluence per unit of primary event. The 2D histogram shows the results looking at the plane in the LHCb reference system (see Fig.1 ). The bins are 50 mm wide. The results are focused on investigating the differences among the four utilized physics lists. The same primary events are generated for the four samples by appropriate settings of random numbers for the generator. Primary events contain the expected fraction of elastic, inelastic and diffractive events.
A. Scoring plane at 2280 mm
The plane at 2280 mm shows the expected behaviour for charged and neutral particles. The TID shows a symmetrical distribution, especially making use of LHEP_HP and QGSP_HP. Fig.2a shows this 2D distribution obtained with LHEP_HP physics list. High energy hadrons show also a symmetrical distribution in X and Y, as shown in Fig.2b . Only few neutrons are present at this position; most of them come from the primary interaction. The symmetry in X and Y is justified by the low value of the magnetic field in this region (in fact, the magnet is positioned after this scoring plane). No special hot spot is evident at this position. Futhermore, the particle spectra analysis shows the presence of more pions and electrons than neutrons, as expected. The ratio between the particle energy spectra calculated by LHEP_HP and QGSP_HP is close to 1 in almost all the energy bins. Moreover, in the region where the ratio is not 1, the difference between the results of the two physics list is compatible within the statistical error tolerance.
B. Scoring plane at 7780 mm
Charged particle results should be affected by the presence of the magnet. In fact, the TID distribution is spread out in the Y axis (the bending direction of the dipole magnet), as visible in Fig.5 . These results have been obtained using LHEP_HP, but no significant differences are present between different physics lists. Analyzing the bands of the 2D histograms at this position, it is possible to note the symmetry of the distribution of the total charged hadrons fluence around the zero horizontal line. Fig.6 shows these bands calculated with LHEP_HP. The effect of the magnet is clearly visible in the proton distribution where an evident asymmetry is present. The ratio between LHEP_HP and QGSP_HP shows agreement within the statistical error in all the energy bins. The same situation is recorded with LHEP and QGSP. The last two physics lists are supposed to follow neutrons till 1 keV; therefore no comparison with the HP lists is possible in the low energy region. 
C. Scoring plane at 11920 mm
This scoring plane is 600 mm sized and is positioned after RICH2 and before the pre-shower detector. Neutrons are still circularly distributed, but the fluence is increased up to -4 10 , due to the secondaries production. Fig.7a shows the neutrons spectrum calculated by LHEP and QGSP, while Fig.7b shows the same calculated by LHEP_HP and QGSP_HP. The comparison shows an agreement within the statistical error between physics lists covering the same energy range.
D. Scoring plane at 13370 mm
This scoring plane is 800 mm sized and is positioned between the ECAL and HCAL of LHCb. The production of secondary neutrons is particularly evident at this position; in fact, the neutrons spectrum reaches values of the order of -4 10 in almost all the energy range. Fig.8a shows how the neutrons energy spectrum, calculated with QGSP_HP, changes from the 2280 mm to the 13370 mm scoring plane. At this position the charged particles fluence is slightly reduced. Consequently, the TID is lowered and concentrated around the beamline.
IV. CONCLUSIONS
This paper describes the background radiation studies performed in LHCb, making use of the Geant4 toolkit. The simulations results on the four scoring planes show the expected behavior. The results of the comparison show an agreement within the statistical error, using different physics lists covering the same energy range. Nevertheless, future planning involves the analysis of the slight differences, seen in some energy bins, using a higher statistical accuracy. 
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